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ABSTRACT: 
 
The use of mobile phones while driving is more prevalent among young drivers—a less 
experienced cohort with elevated crash risk. The objective of this study was to examine and 
better understand the reaction times of young drivers to a traffic event originating in their 
peripheral vision whilst engaged in a mobile phone conversation. The CARRS-Q Advanced 
Driving Simulator was used to test a sample of young drivers on various simulated driving 
tasks, including an event that originated within the driver’s peripheral vision, whereby a 
pedestrian enters a zebra crossing from a sidewalk. Thirty-two licensed drivers drove the 
simulator in three phone conditions: baseline (no phone conversation), hands-free and 
handheld. In addition to driving the simulator each participant completed questionnaires 
related to driver demographics, driving history, usage of mobile phones while driving, and 
general mobile phone usage history. The participants were 21 to 26 years old and split evenly 
by gender. Drivers’ reaction times to a pedestrian in the zebra crossing were modelled using a 
parametric accelerated failure time (AFT) duration model with a Weibull distribution. Also 
tested where two different model specifications to account for the structured heterogeneity 
arising from the repeated measures experimental design. The Weibull AFT model with 
gamma heterogeneity was found to be the best fitting model and identified four significant 
variables influencing the reaction times, including phone condition, driver’s age, license type 
(Provisional license holder or not), and self-reported frequency of usage of handheld phones 
while driving. The reaction times of drivers were more than 40% longer in the distracted 
condition compared to baseline (not distracted). Moreover, the impairment of reaction times 
due to mobile phone conversations was almost double for provisional compared to open 
license holders. A reduction in the ability to detect traffic events in the periphery whilst 
distracted presents a significant and measurable safety concern that will undoubtedly persist 
unless mitigated. 
 
 
Key Words: Road Safety; Safety Modelling; Mobile phone distraction; Reaction time; 
Parametric duration model; Driving simulator; Young drivers; Provisional licence holder 
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1. INTRODUCTION 
 
The use of mobile phones while driving is an ongoing road safety problem and is linked with 
an increased risk of involvement in road crashes (Redelmeier & Tibshirani, 1997), and 
consequently posing a serious public health threat. The use of mobile phones while driving 
appears to be more prevalent in relatively young and less experienced drivers. A recent 
survey (AAMI, 2012) reported that almost one in two Australian drivers aged between 18 to 
24 years use a handheld mobile phone while driving, nearly 60% of them send text messages, 
and about 20% of them read emails and surf the internet. An Australian study reported that 
among 2400 driving distraction-related incidents in New South Wales, young drivers had the 
highest frequency of mobile phone use-related injurious crashes (Lam, 2002). Horberry et al. 
(2001) reported that more than 60% of drivers who use a mobile phone whilst driving are less 
than forty years old. 
 
A mobile phone conversation distracts drivers by shifting their attention away from the 
primary driving task. As such, the reaction times of drivers has been of research interest—as 
a surrogate measure of the crash risk of mobile phone distraction—under various study 
situations including laboratory, driving simulator, and in-field trials. Consiglio et al. (2003) 
examined the braking performances of distracted drivers upon the activation of a red lamp in 
a laboratory and found that both hands-free and hand-held mobile phone conversations result 
in slower reaction times in performing the braking task. Slower responses of distracted 
drivers were also observed in a desktop simulator experiment, where drivers tended to take 
one-third of a second longer to begin driving from a stop sign while engaged in a phone 
conversation (Beede & Kass, 2006). Using an advanced driving simulator, Tornos and 
Bolling (2006) examined the reaction times of distracted drivers in peripheral detection task 
(PDT) under various environmental complexities, and reported that the PDT response time 
was longer and accuracy was worse in mobile phone conditions, irrespective of phone types 
and environmental complexities. Similarly, Amado and Ulupinar (2005) reported that mobile 
phone conversations had negative effects on attention and peripheral detection of stimuli. An 
in-field experiment on the stopping decisions of a group of mobile phone distracted drivers, 
where participants were instructed to perform a quick stop before reaching the stop line of an 
intersection upon the onset of a red light, showed that the non-response to a red light 
increased by 15% on average among distracted drivers (Hancock et al., 2003).  
 
Conversations using either hands-free or handheld mobile phones had been found to impair 
the reaction times of drivers more than driving under the influence of alcohol at the 8% or 
0.08gm/100ml  legal limit (Burns et al., 2002). A meta-analysis focusing on 33 studies, by 
Caird et al. (2008), reported a 0.25s increase in reaction times for all types of phone-related 
tasks and both hands-free and handheld phone conversations had similar effects on reaction 
times. Another meta-analysis of 23 studies revealed that mobile phone distraction increased 
the response times to unexpected hazards with similar effects for both hands-free and 
handheld phone conditions (Horrey & Wickens, 2006). A recent review by Ishigami and 
Klein (2009) reported a similar  conclusion where drivers distracted by either hands-free or 
handheld phone conversations revealed  slower reaction times.  
 
Several studies have examined the influence of driver demographics like age and gender on 
reaction times of distracted conditions. The reaction times of older drivers appear to be 
impaired by 0.29 seconds by a mobile phone conversation, while the corresponding 
impairment of young drivers is only 0.11 seconds—less than half of older drivers (Hancock 
et al., 2003). Similar impairment of reaction times was  reported by Caird et al. (2008), where 
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the reaction times were 0.46s and 0.19s slower, respectively, for distracted older and young 
drivers. An experiment on an advanced driving simulator by Nilsson and Alm (1991) showed 
that elderly drivers' reaction times to an unexpected event were approximately 0.40 seconds 
greater than that for young drivers when distracted by a mobile phone conversation. Research 
covering the effects of gender showed that mobile phone distraction had a greater influence 
on females than males with corresponding impairments on reaction times were respectively  
0.25 and 0.14 seconds (Hancock et al., 2003). 
 
The human brain manages all tasks needed for driving including visual, auditory, manual and 
cognitive. An analysis using functional magnetic resonance imaging (fMRI) showed that 
mobile phone distraction requiring the processing of auditory sentences decreases the brain 
activity by as much as 37% of the critical tasks associated with driving (Just et al., 2008). The 
increased cognitive load of a mobile phone conversation might cause a withdrawal of 
attention from the visual scene—where all the information a driver sees is not processed—
yielding a form of inattention blindness (Strayer et al., 2003). In other words, the human 
brain compensates for receiving increased information by not sending some visual 
information to the working memory, leading to a tendency to ‘look at’ but not ‘see’ objects 
by distracted drivers (NSC, 2010). The effect of a mobile phone distraction on drivers’ vision 
was further evident from optometry research by Maples et al. (2008), who reported that 
mobile phone conversations tend to reduce the visual field, particularly by constricting 
peripheral vision and awareness. 
 
It appears that increased cognitive loads can alter drivers’ visual scanning patterns, although 
cognitive tasks like hands-free mobile phone conversations do not necessarily require eyes to 
divert from the road. Recarte and Nunes (2003) examined the visual scanning behaviour of 
drivers while they performed concurrent cognitive tasks and driving on-road. They reported 
that demanding cognitive tasks lead to poor detection performance of lights displayed in the 
vehicle and on the windshield, and drivers’ visual functional field is reduced both vertically 
and horizontally. By conducting an on-road experiment on drivers’ visual scanning through 
the windshield, Harbluk et al. (2007) reported that drivers spend more time looking within 
their central vision but less time looking in their periphery when engaged in a demanding 
cognitive task of adding double-digit numbers while driving. 
 
The detrimental effect of increased cognitive loads to peripheral vision has also been tested 
by examining the reaction times of distracted drivers when they responded to a stimulus like 
pedestrian incursion from behind a parked vehicle. For example, a driving simulator study by 
Laberge et al. (2004) reported that drivers’ response time to a pedestrian incursion from 
behind the parked vehicle was marginally longer while driving and talking on the phone than 
driving without any conversation, but the statistic was only confirmed by a one-tailed t-test. 
Lee et al. (2009) adapted a modified Posner’s cue-target paradigm where drivers, having an 
endogenous cue of the spatial location of pedestrians from pedestrian crossing signs, needed 
to press a button after detecting a red or green shirt pedestrian occluded by trucks in the 
parking lanes and by fog, while they were responding to auditory messages and driving 
behind an intermittently-braking lead car in a simulated driving environment. They reported a 
delayed response to pedestrians and reduced fixations on pedestrian areas (i.e., lower-right 
and lower-left corner on the simulator screen) when drivers were engaged in the secondary 
task of responding to auditory messages. This kind of experiment design with complex 
driving tasks might be good to understand the load theory of attention or the specific 
mechanisms by which cognitive loads interfere with the control of attention, this may not 
essentially reflect natural driving scenarios. Moreover, an experiment with goal-directed 
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behaviour requires an individual to focus his attention on goal-relevant stimuli while ignoring 
irrelevant exogenous cues (Lavie et al., 2004), and thus may not necessarily the case of 
normal driving.      
 
In a recent literature-review study, Young and Salmon (2012) argued that increased cognitive 
loads are associated with central gaze concentration by drivers—whereby they try to cope 
with the increased loads by focusing their attention mainly on the central areas of the road 
which eventually might lead to the late detection of peripheral events—but this effect is yet to 
be empirically verified. This study aims to fill this gap by investigating the reaction times of 
distracted drivers across routine traffic events that originate within a driver’s peripheral 
vision. Because vision- and brain-focused research has noted important peripheral vision 
effects, an investigation of the reaction times to a peripheral traffic event is useful for 
yielding insights into the impairment of reaction times of mobile phone distracted drivers. 
Further, a statistical model of reaction times is helpful for examining the effects of various 
exogenous variables like driver demographics, experience, and behaviour in addition to 
phone condition, on the probability of reacting. A statistical model also enables the effects of 
exogenous variables such as driver demographics and driving history to be controlled such 
that the conditional reaction time probabilities across distracted and non-distracted conditions 
are estimated. Insight into the influences on and the shape of the reaction time probability 
curve are the insights afforded by using this technique as compared to more traditional 
approaches such as descriptive statistics and ANOVA.  
 
The objective of this study was to model and investigate the reaction time probabilities of 
drivers while engrossed in mobile phone conversations and while responded to traffic events 
originating in their peripheral vision. There are three unique contributions of this study. First, 
an econometric model of the reaction time probabilities of drivers is estimated, controlling for 
the effects of various exogenous factors across experimental conditions. Second, it explores 
the reaction time probability distributions of drivers under various driving conditions. Third, 
the study is focused on the reaction time probabilities of a sample of young Australian 
drivers, a known high risk driving population in need of detailed examination.  
 
The remainder of the paper first describes the experimental details including a brief 
description of the driving simulator, experimental procedure, participants, and data collection 
approach. The next section describes the dataset and statistical methods used for analysis, 
briefly describing the duration modelling approach used to model the reaction time 
probabilities while accounting for the repeated measures experimental design. The results of 
the analysis are then discussed, followed by overall conclusions of the research. 
 
2. METHOD 
 
2.1 Driving Simulator 
The experiment was conducted in the CARRS-Q Advanced Driving Simulator located at the 
Queensland University of Technology (QUT). This high fidelity simulator consisted of a 
complete car with working controls and instruments surrounded by three front-view 
projectors providing 180-degree high resolution field view to drivers. Wing mirrors and the 
rear view mirror were replaced by LCD monitors to simulate rear view mirror images. Road 
images and interactive traffic were generated at life size onto front-view projectors, wing 
mirrors and the rear view mirror at 60 Hz to provide photorealistic virtual environment. The 
car used in this experiment was a complete Holden Commodore vehicle with an automatic 
transmission. The full-bodied car was rested on a 6 degree-of-freedom motion base that could 
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move and twist in three dimensions to accurately reproduce motion cues for sustained 
acceleration, braking manoeuvres, cornering and interaction with varying road surfaces. The 
simulator was also capable of producing realistic forces experienced by drivers through the 
steering wheel while they were negotiating curves. The simulator used SCANeRTMstudio 
software with eight computers linking vehicle dynamics with the virtual road traffic 
environment. The audio system of the car was linked with the simulator software so that it 
could accurately simulate surround environment sounds for engine noise, external road noise 
and sounds for other traffic interactions, and thus further enhancing the realism of the driving 
experience. Driving performances data like position, speed, acceleration and braking were 
recorded at rates up to 20 Hz. 
 
2.2 Participants 
The participants recruited for this study included thirty-two volunteers who were reimbursed 
upon completion of the study. They were recruited by disseminating recruitment flyers using 
university student email addresses or university facebook portals and posting recruitment 
flyers in a few key university locations, e.g. library, canteen. In order to qualify as a 
participant they had to fulfil a number of requirements, including 1) be aged between 18 and 
26 years, 2) hold either a provisional or open Australian issued driver’s licence, 3) not had a 
history of motion sickness and epilepsy, and 4) not be pregnant. All data not collected in the 
simulator were self-report.  
 
Table 1 presents the descriptive statistics of the participants recruited for this study. The 
mean age of the participants was 21.47 (SD 1.99) years and they were split evenly by gender, 
consisting of sixteen males and sixteen females. The mean ages for male and female were, 
respectively, 21.8 (SD 1.80) and 21.1 (SD 2.19) years. The average driving experience was 
4.2 (SD 1.89) years; about 44% drove less than ten thousand kilometres; about 47% drove 
about ten to twenty thousand kilometres; and the remainder drove more than twenty thousand 
kilometres in a typical year. About 34% of the participants held provisional licences and the 
rest had open (non-restricted) licences. Note that a provisional licence in Queensland, 
Australia is issued to a newly licensed driver for duration of up to 3 years before they receive 
an open licence. The average driving experience of provisional and open licence holders 
were, respectively, 2.64 (SD 0.75) and 5.01 (SD 1.79) years. About 34% of the participants 
were involved in a traffic crash in last three years and about 38% of the participants received 
an infringement notice due to driving related offences like speeding, red light running and 
mobile phone use while driving during the last year. All participants owned a mobile phone 
and they made or received an average of 65 (SD 43) calls using their mobile in a typical week 
and sent or received an average of 261 (SD 197) text messages in a typical week. All of the 
participants had prior experience using mobile phones while driving for any purpose 
including talking or texting; 34% of the participants used mobile phones at least once in a 
day; 47% of the sample used mobile phone once or twice in a week; and the remaining 19% 
used mobile phones while driving once or twice in a month or year. When asked ‘what 
proportion of your talking-time whilst driving do you use the handheld phone’,  about 53% of 
participants reported using a hand-held phone 0-25% of the time, about 19% reported 25-
50%, about 12% reported 50-75%, and the remaining 16% reported using a handheld phone 
76-100% of the talking time whilst driving.    
 
2.3 Experimental Setup 
The designed driving route in the CARRS-Q Advanced Driving Simulator contained 
simulated routes on both urban and rural areas. The simulated route was about 7 km long and 
included a detailed simulation of the Brisbane CBD (central business district of Brisbane, 
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Queensland, Australia) with a great deal of accuracy, and a hypothetical suburban area 
created to satisfy the purposes of this research. The speed limit in the CBD was mostly 40 
kph, whereas the speed limit in sub-urban areas varied between 50 and 60 kph. The simulated 
route was programmed to incorporate various ‘traffic events’ including a pedestrian who 
entered a zebra crossing from the sidewalk, an overtaking scenario, a leading car that braked 
suddenly, gap acceptance manoeuvres at a number of intersections, and a car that drifted 
towards the driven car from the opposite direction. Three route starting points were designed 
to reduce learning effects and allow driving under the three different phone conditions, i.e. 
baseline, hands-free and handheld. All three routes had the same geometry and road layout 
but the locations of traffic events were randomized across the routes. To examine the reaction 
times of distracted drivers to a traffic event that originates in their peripheral vision, ‘a 
pedestrian entering a zebra crossing from sidewalk’ scenario was included and analysed in 
this paper. 
 
In this traffic event, a driver was required to respond to a pedestrian who crossed the road at a 
zebra crossing from the sidewalk. This traffic event reflects a scenario where an object 
originates in the drivers’ peripheral vision and moves towards the central vision over the 
course of the event. Figure 1 shows the schematic diagram of a driver’s view of the 
pedestrian scenario as portrayed in the driving simulation. This event took place on a four-
lane road with two lanes in each direction separated by a continuous centre line. The event 
took place within the CBD, where the speed limit was 40 kph. Although there were two lanes 
in each direction, the curb lane was mostly filled with parked vehicles, leaving the median 
lane available for driving. The pedestrian in the sidewalk, however, was not occluded by 
parked vehicles and drivers had a clear view to the pedestrian and zebra crossing. Pedestrian 
crossings were designed by putting appropriate zebra markings and traffic signs for 
pedestrian crossing following the roadway standards of Australia. There were three zebra 
crossings in the CBD but a pedestrian entered the zebra crossing from the sidewalk on only 
one zebra crossing in each driving route. The pedestrian scenario was randomized across the 
zebra crossings to control for carry-over effects. The event was scripted so that a pedestrian 
started to move from a sidewalk towards the zebra crossing when the driven car was about 10 
seconds away from the zebra crossing. Originating from the drivers’ peripheral vision, the 
pedestrian moved towards the drivers’ central vision over the course of the simulation. Since 
the zebra crossing in all three driving routes was positioned mid-block, drivers were 
accelerating to reach the posted speed limit after a recent turn at the prior intersection. As a 
result of this design, releasing the accelerator pedal was taken to represent the initial response 
after detecting a pedestrian attempting to cross. Reaction times were measured as the time 
taken to release the accelerator pedal after the pedestrian crossing the road was detected and 
acted upon by the participant.  
 
2.4 Mobile Phone Task 
The mobile phone used in this study was a Nokia 500 phone which had dimensions of 
111.3mm x 53.8mm x 14.1mm. For hands-free conversation, the drivers used a Plantronics 
Voyager PRO HD Bluetooth Headset connected with the phone through Bluetooth 
technology, which provided HD streaming audio wirelessly without interruption. 
 
The phone conversation was cognitive in nature. Conversation dialogues were modified from 
Burns et al. (2002) for this study. Dialogues required the participant to provide an appropriate 
response after hearing a complete question, solving a verbal puzzle, or solving a simple 
arithmetic problem. An example question requiring a response was ‘Jack left a dinner in his 
microwave for Jim to heat up when he returned home. Who was the dinner for?’ A verbal 
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puzzle example was ‘Felix is darker than Alex. Who is lighter of the two?’ An example 
arithmetic question was ‘If three wine bottles cost 93 dollars, what is the cost of one wine 
bottle?’ These types of questions required simultaneous storage and processing of 
information, and thus distracted drivers by increasing their cognitive loads. 
 
2.5 Participant Testing Protocol 
Prior to the experiment, participants were greeted by a 21 year old female host who gave all 
instructions, and engaged in all remaining interactions with participant including the mobile 
phone conversations. An informed consent was first completed by each participant. The 
participants were then briefed about the project and completed a questionnaire that required 
about 20-25 minutes. The questionnaire items included driver demographics, driving history, 
usage of mobile phones while driving, general mobile phone usage history and driver 
behaviour related to aggressiveness and sensation seeking. After the survey was completed 
by a participant, the questionnaire was checked by the host for completeness and accuracy. 
The participants were then briefed about the nature of phone conversations and how to use 
the mobile phone apparatus during the experiment. The host and participant then practiced 
several conversation dialogues using the hands-free device and handheld phone. 
 
Participants were required to drive in three phone conditions: a baseline condition (without 
any phone conversation), and while engaged in hands-free and handheld phone conditions. 
The driving conditions were counterbalanced across participants to control for carry-over 
effects. Before inviting a participant to step into the simulator, they were briefed about the 
driving simulator controls and instruments. Instructions were given to obey the posted speed 
limits and follow the directional signs towards the airport—thus participants had a 
navigational task. Unlike many other studies, participants were not imposed to any other goal 
like responding to stimuli by pressing a button or flashing high beam. They were only 
instructed to drive as they normally would. Before participating in the experimental drive, 
each participant performed a practice drive of 5-6 minutes to become familiar with the 
driving simulator. Participants encountered various traffic events including traffic lights, 
stop-sign intersections, overtaking scenarios, and gap acceptance manoeuvres during the 
familiarization drive. 
 
For experimental drives in the hands-free and handheld phone conditions, the experimenter 
called the participant prior to the drive and a single continuous call engaged in by both parties 
until conclusion of the drive. The participants talked through a Bluetooth headset in the 
hands-free condition and were required to hold the phone to their ear for the duration of the 
conversation in the handheld condition. The primary task of the experimenter during the 
hands-free and handheld drives was to keep the participant engaged in conversations by 
continuing the dialogue until the driving ended and to not permit long pauses in conversation. 
The host engaged in the phone conversation was seated in a room away from the driving 
simulator and hence was neither able to observe a participant’s driving, nor receive any clues 
regarding route progress. When a participant reached the route starting point, after a closed 
loop drive of about 7 km through the Brisbane CBD and suburban areas, the scenario 
automatically ended. After each of the experimental drives, i.e. baseline, hands-free and 
handheld, participants completed a driving activity load index questionnaire while seated in 
the simulator vehicle. Participants took brief breaks while remaining in the vehicle between 
each experimental drive while the scenarios were loaded onto the simulator display system.  
 
3. DATA AND ANALYSIS 
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3.1 Dataset for Analysis 
Reaction times were calculated for each participant while they responded to the traffic event 
whereby a pedestrian entered a zebra crossing from the sidewalk. Reaction times were 
measured for each participant across three phone conditions, i.e. baseline, hands-free and 
handheld. A statistical model of reaction times was developed using phone condition, driver 
demographics, driving history, general mobile phone usage history and record of mobile 
phone use while driving as explanatory variables. Summary statistics of variables included in 
the model are presented in Table 2. Driver demographics included three variables including 
age, gender and licence type. Driver age variable was included as a continuous variable. 
Driver licence type had two categories, a provisional licence holder and an open licence 
holder. Explanatory variables related to driving history included years of driving, kilometres 
driven in a typical year, proportion of trips usually driven with a passenger, involvement of 
traffic offences in the last year and involvement in traffic crashes during last three years. 
General mobile phone usage history included variables like total calls or text messages sent 
or received in a typical week. History of mobile phone use while driving included two 
variables including frequency of mobile phone use while driving and usage of handheld 
phone while talking and driving. Frequency of mobile phone use while driving had three 
categories including frequent users who used mobile phone while driving at least once in a 
day, moderate frequent users who did so once or twice in a week and less frequent users who 
used mobile phone while driving once or twice in a month or year. Usage of handheld (HH) 
phone while driving and talking had four categories according to the usage behaviour, 
including HH1 who used a handheld phone 0-25% of their talking and driving time, HH2 
used 26-50%, HH3 used 51-75% and HH4 used a handheld phone 76-100% of their talking 
and driving time. 
 
There were seven occasions when drivers did not stop for pedestrians at zebra crossing, 
including one in a baseline condition, four in the hands-free condition, and two in the 
handheld condition. There were four other observations where drivers’ responses from the 
accelerator pedal were missing and hence reaction times were not possible to extract. These 
observations were discarded from the analysis. There were 22 drivers with three observations 
of reaction times per driver, 9 drivers with two observations and only 1 driver with one 
observation. In total there were 85 observations of reaction times for 32 drivers representing 
an unbalanced panel data with minimum 1 and maximum 3 observations per driver.  
 
3.2 Parametric Duration Model 
Duration model, also known as survival model or hazard-based duration model, is a 
probabilistic method that is well suited for analysing time related data where a need arises to 
study the elapsed time until the end (or occurrence) of an event or the duration of an event. 
Traditionally, parametric duration models in the area of transportation research are applied to 
study the time until a vehicle accident occurs, or the time between vehicle purchases or the 
duration of trip-generating activities such as the length of time spent for shopping and 
engaging in recreational activities (Washington et al., 2011). Mathematically, duration 
models are applied to study the conditional probability of time duration ending at time t, 
given that the duration has continued until time t. In this study, reaction times of drivers—the 
length of time between the pedestrian starting to move towards a zebra crossing from the side 
walk and detection by a driver—was the duration variable representing the time taken by a 
driver to identify a pedestrian from the sidewalk and this event ended with the detection of 
the pedestrian. This length of time or reaction time is a continuous random variable T with a 
cumulative function F(t) and probability density function f(t). F(t) is also known as failure 
function in the literature, and in the current setting, it gave the probability of a driver 
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detecting a pedestrian before some specified time t. Conversely, the survivor function, S(t), 
was the probability of a reaction time being greater than some specified time t. 
 
)(1)Pr(1)Pr()( tStTtTtF     (1)   
 
The hazard function h(t) gives the rate or instantaneous potential per unit time at which event 
durations are ending at time, given that the event duration has survived up to time t. In other 
words, h(t) is the condition probability that an event will end between time t and t + dt, given 
that the event has not ended up to time t (Washington et al., 2011). 
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The proportional hazard (PH) and the accelerated failure time (AFT) models are two 
alternative parametric approaches that allow incorporating the influence of covariates on a 
hazard function. The PH model assumes that hazard ratios are constant over time and the 
covariates act multiplicatively on some underlying or baseline hazard function. On the other 
hand, the AFT model allows the covariates to rescale (accelerate) time directly in a baseline 
survivor function, which is the survivor function when all covariates are zero (Washington et 
al., 2011). The AFT assumption allows for the estimation of an acceleration factor which can 
capture the direct effect of an exposure on survival time. This characteristic of the AFT 
model allowed simpler interpretation of results because the estimated parameters quantified 
the corresponding effect of a covariate on the mean reaction time, and thus AFT models were 
applied in this study. 
 
In the AFT model, the natural logarithm of the reaction times, ln(T), is expressed as a linear 
function of covariates, yielding the linear model 
 
 βX)ln(T      (3) 
 
where X is a vector of explanatory variables, β is a vector of estimable parameters and ε is the 
error term. As described in Washington et al. (2011), the AFT model is written as 
  )()|( 0 βXX tEXPStS  ,    (4) 
 
which leads to the conditional hazard function as 
   )()()|( 0 βXβXX EXPtEXPhth  .    (5) 
 
where h0 and S0 are respectively baseline hazard and survival function. From equation (4) and 
(5), it is clear that the effect of covariates on reaction time is direct and accelerates or 
decelerates the time to “detecting a pedestrian from a sidewalk to zebra crossing”. 
 
To estimate equation (5) in a fully parametric setting, a distribution assumption to the 
duration times was needed. Common distribution alternatives include Weibull, lognormal, 
exponential, gamma, log-logistic and Gompertz distribution (Washington et al., 2011). They 
are often selected based on theoretical backgrounds or statistical evaluation. Selection of a 
specific distribution has important implications relating to the shape of the underlying hazard 
function and to the efficacy and potential biasedness of the estimated parameters. The 
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Weibull distribution is suitable for modelling data with monotone hazard rates that either 
increase or decrease exponentially with time. The reaction times of drivers to a pedestrian 
was resembled to a positive duration dependence event where the detection of pedestrian by a 
driver was monotonic increasing in duration and the probability of the detection or duration 
ending was likely to increase over time. The Weibull duration model is suitable for the 
positive duration dependence event and thus applied to model the reaction times of drivers in 
this study. The hazard function of the Weibull duration model is expressed as 
 
   1)(  PtPth  ,     (6) 
 
and the survival function of the Weibull duration model is expressed as 
 
)()( PtEXPtS       (7) 
 
where λ and P are two parameters, respectively, known as the location and scale parameter 
(Washington et al., 2011). In general, the scale parameter P of the Weibull specification 
allows accommodating not only events with monotone increasing in duration but also events 
with monotone decreasing in duration and constant in duration. 
 
The above specification of the duration model assumes that individual observations are 
independent and thus mainly suitable for cross-sectional data. The experiment of this study, 
however, was a repeated measures design where the reaction times of each individual driver 
were observed across three driving routes in the simulator, providing three observations per 
driver. Therefore, reaction times might be subjected to individual level heterogeneity or 
frailty which implied that reaction times from an individual might be correlated, mainly 
because there might be some intra-group heterogeneity that is often unobserved. Without 
accounting for this shared frailty or heterogeneities and potential correlations, the duration 
model would suffer from a major specification error that could lead to draw erroneous 
inferences on the shape of the hazard function. In addition, the standard error estimates of the 
regression parameters might be underestimated and inferences from the estimated model 
might be misleading. 
 
To explicitly model these structured heterogeneities due to repeated measures experiment 
design, two possible extensions of the duration model were considered. First one was the 
Weibull regression model with a specification for clustered heterogeneities. This model first 
fits a standard duration model as described earlier and then adjusts the standard error 
estimates to account for the possible correlations induced by the repeated observations per 
individual (Cleves et al., 2008; McGilchrist & Aisbett, 1991). The second model was the 
Weibull regression model with shared frailty which is analogous to random effect models in 
panel-data setting (Gutierrez, 2002). The shared frailty model can be expressed by modifying 
equation (5) as follows: 
 
)()]([)()|( 0 ijijiijiiij EXPtEXPhthth βXβX     (8)  
 
where hij is the hazard function for ith driver in jth driving route, Xij is a vector of explanatory 
variables, β is a vector of estimable parameters and αi is the shared frailty which is assumed 
to be gamma distributed with mean one and variance θ. Sharing a frailty value as in the 
aforementioned specification generated dependence between those drivers who shared 
frailties or unobserved heterogeneities, whereas conditional on the frailty these drivers were 
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independent. In other words, driver-specific αi induced a correlation among observations 
obtained from the same driver but maintained independence among observations from 
different drivers. 
 
The above models were estimated by the standard maximum likelihood methods and 
candidate models were compared by the likelihood ratio statistics (Washington et al., 2011) 
and the Akaike’s Information Criteria (AIC) (Akaike, 1973). To gain further insights into the 
effects of explanatory variables of the AFT models, the exponents of the coefficients were 
calculated. The exponent of the coefficients provides an intuitive way of interpreting the 
results by translating to a percent change in reaction time duration resulting from a unit 
increase for continuous explanatory variables and a change from zero to one for categorical 
or indicator variables. 
 
4. RESULTS 
 
Reaction times were modelled by both the Weibull accelerated failure time (AFT) model with 
clustered heterogeneity and the Weibull AFT model with gamma frailty. Model comparison 
statistics are presented in Table 3. The likelihood ratio statistics, also known as deviance, for 
the gamma frailty model and clustered heterogeneity model were respectively 29.6 and 21.1 
with corresponding 8 and 7 degrees of freedom (df). The deviance values for both models 
were well above the critical value for significance at the 5% level, indicating that both models 
had sufficient explanatory power. The gamma frailty model, however, yielded a superior fit 
since the likelihood ratio statistic was 1.40 times higher than that of the clustered 
heterogeneity model. A likelihood ratio test comparing these two models yielded a χ2 statistic 
of 20.6 with 1 df and p-value < 0.001, indicating that the Weibull AFT model with the 
gamma frailty provided a better fit than the clustered heterogeneity model at more than 
99.99% confidence level. The goodness-of-fit by the likelihood ratio statistic does not 
consider any penalty for increasing the number of parameters in a model despite the fact that 
a model with a higher number parameter often yields a better goodness-of-fit. The AIC, 
however, considers both deviance and number of parameters, and a model with lower AIC is 
preferable. Despite having an extra parameter in the gamma frailty model, the AIC for this 
model was 135.6 while the AIC for the clustered heterogeneity model was 154.2, and thus 
further indicating an improved fit of the gamma frailty model. Hence, based on both the 
likelihood ratio statistic and AIC, the Weibull AFT model with gamma frailty was the 
preferable model for the reaction times of drivers responding to a pedestrian entering a zebra 
crossing from the sidewalk. 
 
Table 4 shows the significant parameter estimates of the Weibull AFT model with gamma 
heterogeneity for the reaction times of drivers. The estimate of scale parameter P was 3.04 
and a t-test on this parameter ensured that the estimated value was significantly (t = 4.76, p-
value < 0.001) greater than 1. An estimate of P greater than 1 implied that the survival time 
of event duration decreased with time, implying that the probability of responding to a 
pedestrian at zebra crossing was increased with time elapsed. As an example, the probability 
to responding to the pedestrian after 3 seconds was about 9.4 times (or, to be precise,
  1043.313  ) higher than that after 1 second on average. A significant estimate of P greater than 
1 ensured the appropriateness of Weibull AFT model with monotone hazard function and 
positive duration dependence. A likelihood ratio test on the frailty parameter, θ indicated that 
the variance of gamma heterogeneity was significant (χ2 = 20.62, p-value < 0.001) and further 
justified the appropriateness of the inclusion of gamma heterogeneity specification into the 
Weibull AFT model. 
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An examination of Table 4 shows that the parsimonious model identified four significant 
variables that influenced the reaction times of drivers responding to a pedestrian entering a 
zebra crossing from the sidewalk. They were phone condition, driver’s age, licence type and 
self-reported usage of handheld phone while talking and driving. 
 
Among the categories of phone condition variable, both hands-free and handheld phone 
conversation were significant at the 5% significance level and positively associated with the 
reaction times of drivers. Compared to baseline or the no phone conversation condition, the 
reaction times of drivers while engaged in hands-free and handheld phone conversations 
were, respectively, about 42% and 41% longer. No significant difference was evident 
between hands-free and handheld phone conditions. 
 
The driver’s age factor was input to the model as a continuous variable and found to be 
significant and positively associated with likelihood of drivers’ reaction time to a pedestrian. 
The exponent of the estimated coefficient indicates that for a year increase in a driver’s age, 
the reaction time increases by about 12% on average. 
 
Licence type variable was significant at 5% significance level in explaining drivers’ reaction 
times. Results show that the reaction time of provisional licence holders was about two times 
larger than open licence holders in responding to a peripheral traffic event like a pedestrian 
entering a zebra crossing from the sidewalk. 
 
Reaction times of drivers were significantly influenced by the factor of self reported usage of 
handheld phone while driving and talking. The reaction times were about 43% shorter for 
drivers who reported using a handheld phone 76-100% of their talking and driving time 
compared to drivers who reported a lesser usage 
 
5. DISCUSSIONS 
 
The section discusses the effects of mobile phone conversations on the reaction times of 
drivers by taking into account influences of various explanatory variables identified by the 
Weibull AFT model with gamma heterogeneity.  
 
On average, the cognitive distraction due to mobile phone conversations resulted in over 40% 
increase in reaction times of drivers while they responded to a traffic event where a 
pedestrian entered to a zebra crossing from the sidewalk. Earlier research (e.g., Harbluk et al., 
2007; Maples et al., 2008; Recarte & Nunes, 2003) reported the effects of cognitive tasks on 
the drivers’ visual scanning pattern, where drivers distracted by a cognitive load had been 
shown to concentrate their gaze in the central region of the roadway but at the expense of 
peripheral scanning. This study confirmed the detrimental effects of mobile phone 
conversations on the reaction times of drivers while responding to a routine traffic event that 
originates in their peripheral vision. Drivers might have been trying to adapt with the 
increased load of mobile phone conversations by focussing their attention resources on the 
central area of the roadway which might be more relevant for driving (e.g., lane 
maintenance), consequently it might lead to a late detection of the pedestrian from the 
sidewalk commencing in areas peripheral to the drivers’ focus of attention. 
 
To compare the differential risk and behaviour to cognitive distraction, survival curves were 
plotted using parameter estimates of the parsimonious Weibull AFT model with gamma 
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heterogeneity. Probabilities of event duration or how long the event of not noticing or failing 
to detect the pedestrian would survive could be estimated using the survival function of the 
Weibull AFT model reported in equation (7). For example, probabilities of failing to detect a 
pedestrian for drivers distracted by hands-free phone conversations after 1 and 2 seconds 
since the pedestrian started to move towards the zebra crossing from the sidewalk could be 
computed using corresponding X values and parameter estimates related to this group. All 
other variables would be kept at their reference category for categorical variables and at the 
mean for the continuous variable, while conditioning the mean of frailty parameter to be its 
expected value 1. Relevant parameter estimates for hands-free driver group were constant, 
hand-free and driver’s age. Taking the corresponding parameter estimates from Table 4, the 
predicted probabilities for this group of driver at time = 1 second and time = 2 seconds were 
computed as follows:  
 
90.0])1())}47.21*114.0348.006.2(043.3({[)1( 043.3  EXPEXPtS   
   
42.0])2())}47.21*114.0348.006.2(043.3({[)2( 043.3  EXPEXPtS   
    
 
Using this generalized approach, Figure 2 presents the model predicted probabilities of 
drivers’ failing to detect a pedestrian as a function of time for different phone conditions.  
 
As anticipated, survival probabilities of the event duration decreased with time elapsed. In 
other words, the likelihood that the pedestrian remained undetected decreased with the time. 
Clearly, the probability of failing to detect a pedestrian in distracted conditions was higher 
than baseline across the whole duration of the event. For instance, the probability of failing to 
detect the pedestrian after 1.5 seconds was about 37% at baseline condition while the 
corresponding probabilities in distracted conditions were more than 70%. Drivers at no phone 
conversation condition were able to detect a pedestrian at zebra crossing with almost 
certainty after 2.4 seconds since the pedestrian attempted to cross but the corresponding 
probabilities of not detecting the pedestrian after 2.4 seconds were, respectively, about 23% 
and 22% for hands-free and handheld phone conversation conditions. The event duration for 
distracted conditions lasted for about 3.4 seconds, implying that the reaction times of drivers 
distracted by mobile phone conversations were more than 40% greater than those of non-
distracted drivers. 
  
It is also evident from Figure 2 that there were marginal differences in reaction times between 
hands-free and handheld phone conditions while they responded to a typical traffic event 
such as a pedestrian entering a zebra crossing from a sidewalk. In response to a wide range of 
other stimuli (e.g., red brake lamp of a lead vehicle, light change at intersections, peripheral 
detection task), decrements on reaction times in hands-free and handheld phone conditions 
were similar and the difference between them was trivial (e.g., Caird et al., 2008; Ishigami & 
Klein, 2009). The finding of this study was similar to the other studies in the literature as 
survival probability curves across the whole event duration were almost identical for hands-
free and handheld phone conditions. The hands-free phone condition in this study required 
drivers to use a Bluetooth headset for conversations while the handheld phone condition 
required drivers to engage a hand to hold the phone to the ear. Since responding to a 
pedestrian at a zebra crossing on a straight segment of road did not involve any physical or 
manual distraction, engaging a hand for the phone might not have any effect other than 
cognitive distraction due to phone conversations. In summary, both hands-free and handheld 
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phone conversation conditions had similar detrimental effects in responding to a very 
common peripheral event of a pedestrian entering a zebra crossing from the sidewalk. It 
raises a serious question on the appropriateness of existing legislation on the use of mobile 
phones while driving in Queensland, Australia, which only imposes a ban of handheld mobile 
phone but allows drivers using mobile phones with a hand-free device. 
 
Figure 3 presents a set of survival probability graphs depicting the relationship between 
phone condition and licence type. Survival probabilities of open and provisional licence 
holders were computed by using the corresponding mean drivers’ age of these two groups 
which were respectively 22.19 and 20.09 years. In general, the reaction times of provisional 
licence holders were about double that of open licence holders. The deterioration of reaction 
times due to mobile phone conversations was about 1 second for open licence holders, while 
the corresponding deterioration for provisional licence holders was about 2 seconds. Hence 
the effect of mobile phone conversations on reaction times was about double for provisional 
licence holders. In addition, the survival curves of distracted and non-distracted conditions 
were more separated for provisional than open licence holders, that is, the difference of 
probabilities between distracted and non-distracted conditions across the whole event 
duration were more of provisional licence holders. While the probability of failing to detect a 
pedestrian reduced to near zero after 3.5 seconds for open licence holders distracted by 
mobile phone conversations, the corresponding probability for distracted provisional licence 
holders after 3.5 seconds were still more than 40%. It implied that the detrimental effects of 
mobile phone distraction on both the reaction times and the probability of failing to detect a 
pedestrian were more severe for provisional licence holders. In contrast, an earlier driving 
simulator study (Kass et al., 2007) reported that the detrimental effects of cell phone 
conversations on driving performances such as collisions with other vehicles, striking 
pedestrians, speeding violations, and driving through stop signs were similar for novice (14-
16 years) and experienced (21-52 years) drivers, but the performance decrements on the 
direction-following or navigational task were slightly higher for distracted novice compared 
to distracted experienced drivers. The provision of a provisional licence in the graduating 
licensing system is to reduce the exposure of young drivers to risky driving situations like 
night driving and driving with other teen passengers during their first few months of licensure 
when their crash rates are extremely high (Preusser & Leaf, 2003). In Queensland, similar 
restrictions are also imposed to the provisional licence holders. Importantly, the provisional 
licence holders are banned from using mobile phones in any form of hands-free or handheld 
options during their first year of provisional licence but they are allowed use a mobile phone 
while driving with a hands-free option during the subsequent two years of provisional period. 
Despite the fact that the provisional licence holders of this study had an average driving 
experience of 2.64 years, the detrimental effects of mobile phone distractions in response to a 
common traffic event like interaction with a pedestrian at zebra crossing were devastating for 
them. Authorities should look into this matter and stricter restrictions on the mobile phone 
usage of provisional licensed drivers should be legislated and enforced. 
 
Reaction times tended to increase with increasing driver age between 18 to 26 years old. Prior 
research has documented that the reaction times of older drivers due to mobile phone 
distraction were affected to a greater degree than for young drivers (e.g., Caird et al., 2008; 
Hancock et al., 2003). In general, perception response times to hazards were reported to be 
significantly longer among teenage drivers than experienced drivers in Ohlhauser et al. 
(2011)  and Chisolom et al. (2006), where the mean ages of teenage drivers were 16.2 and 
17.2 years and that of experienced drivers were 32.9 and 32.2 years respectively. Utilizing the 
advantage of having drivers’ age as a continuous variable in the reaction time model, the 
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incremental effects of age among young drivers were shown to erode driver performance due 
to mobile phone conversations. To understand the effects of age and distraction, survival 
probability of graphs were plotted for drivers’ age of 20 and 25 years for instance, and 
compared across distracted and non-distracted conditions (see Figure 4). Since hand-free and 
handheld phone conditions had similar effects, distracted condition graphs were plotted only 
for the hands-free phone option. In general, the probability graphs appeared to shift right with 
the increase of age, implying that the reaction times were longer for older young drivers on 
average. While the deterioration of reaction times due to mobile phone distraction for 20 year 
old drivers was about 1 second, the corresponding deterioration for 25 year old drivers was 
about 1.3 seconds. The probability of failing to detect a pedestrian in distracted condition 
after 2 seconds, for instance, for 20 year old drivers was about 23%, while the corresponding 
probability for 25 year old was about 80%. The coefficient of drivers’ age in the model is 
only 0.114 indicating that the duration of event of identifying a pedestrian or reaction times 
of young drivers increase slightly with the age. Therefore, the survival probability curves 
either in distracted or non-distracted condition collapse within a very short time interval for 
various ages of young drivers. Hence the probabilities of failing to detect a pedestrian with 
incremental age differed largely in magnitude though the impairment of reaction times due to 
mobile phone conversations was only about 12% for a year increase in a driver’s age. In 
summary, the performance deterioration due to cognitive distraction appeared to increase 
with the age of young drivers. 
 
Interestingly, drivers who reported using a handheld phone more of their driving and talking 
time appeared to perform better in responding to a pedestrian at zebra crossing. Figure 5 
shows a comparison scenario between reference group and drivers who reported using 
handheld phone more than 75% of his driving and talking time. The reference group refers to 
a driving group that possess all the attributes of the base category of categorical variables and 
mean of the continuous variable included in the Weibull with gamma heterogeneity AFT 
model. Therefore, a driver in the reference category was 21.47 years old, held an open licence 
and reported using handheld phone less than the comparison group. The deterioration of 
reaction times in distracted condition for drivers with higher usage of handheld phones was 
only 0.6 seconds, while the corresponding deterioration for the reference group was 1 second. 
While this group of drivers was able detect a pedestrian at the zebra crossing with almost 
certainty after 2 seconds in distracted driving condition, the corresponding probability of 
failing to detect a pedestrian for the distracted reference group was more than 40%. It is not 
clear at this moment why this group of drivers performed better than others in the driving 
simulator, a further investigation on this group of drivers might be useful in this regard. 
 
6. CONCLUSIONS 
  
This study investigated and modelled the reaction times of drivers distracted by mobile phone 
conversations. A variety of driving data from a group of young drivers were obtained using a 
motion-based driving simulator (CARRS-Q Advanced Driving Simulator).  Drivers were 
exposed and responded to a typical traffic event, where a pedestrian entered a zebra crossing 
from the sidewalk. A Weibull accelerated failure time (AFT) model with gamma 
heterogeneity was found to quite reasonably explain the reaction times of drivers observed 
repeatedly across three phone conditions. The Weibull AFT model identified significant 
factors associated with the reaction times of drivers. Significant factors that influence the 
response of drivers to a pedestrian at a zebra crossing include phone condition, driver’s age, 
licence status and self-reported usage of handheld device while talking and driving. 
 
Haque and Washington  17 
 
The performance of drivers in responding to the presence of a pedestrian in a zebra crossing 
was impaired significantly while distracted by mobile phone conversations. Both the reaction 
times and the probability of failing to detect a pedestrian while approaching a zebra crossing 
were significantly higher for distracted drivers, and thus raise some significant safety 
concerns. 
 
Routine driving requires a driver to respond to many traffic events that originate in their 
peripheral region, including vehicles, motorcyclists, bicyclists, and pedestrians emerging 
from side streets, driveways, and behind parked cars. A reduction in the ability to properly 
detect and respond to these events while distracted presents a significant threat to safety, not 
only to distracted drivers but also other vulnerable road users like pedestrians and bicyclists. 
There were seven cases (out of 96) where drivers did not stop for the pedestrians in the zebra 
crossing—including six out of seven occasions where drivers were distracted by mobile 
phones. In reality, these circumstances may have resulted in a crash and potential injury. 
 
There were no significant differences in the performance of drivers engaged in hands-free 
versus handheld phone conversations. Redirection of attention away from the roadway ahead 
due to cognitive distraction introduced by mobile phone conversations appears to be key 
source behind the eroded performance of the distracted drivers while approaching the zebra 
crossing.  
 
Legislative bodies should consider this evidence when examining mobile phone use laws that 
impose bans on the use of handheld phones yet permit the use of a hands-free device. This 
study contributes to the growing body of evidence that cognitive distraction is similar and 
significant for both hands-free and hand-held devices.  
 
The role of a provisional licence was important and associated with relatively higher risk of 
distraction in general. Distraction risk was greater for provisional licence holders compared 
to open licence holders. It would seem that driving experience and/or driver confidence of 
open license holders requires lesser cognitive load under normal driving compared to 
provisional license holders—thus the effects of distraction are compounded for these drivers. 
Since the use of mobile phones while driving is widespread among young drivers, the poor 
driving performance of the provisional license holders requires immediate attention. 
Restriction on the use of mobile phones by both open and provisional licensed driver groups 
is warranted; however, it is more critical for the latter group. 
 
Cognitive distractions as a result of mobile phone conversations impair the reaction times of 
young drivers during routine traffic events originating in a drivers’ peripheral vision. A lack 
of accurate eye tracking data of the participants in this study made it difficult to assess the 
eccentricity of the position of the pedestrian in a drivers’ vision, and thus reasonable 
assumptions about the initial position of driver, vehicle, and pedestrians form the basis of the 
term ‘peripheral’. To gain additional insight into the effect of angle of site, an additional 
simulator study should be designed whereby pedestrians are placed at various eccentric 
positions or peripheral angles within drivers’ vision at a series of zebra crossings along a 
roadway segment, so that responses of distracted drivers to pedestrians at various 
eccentricities could be measured and compared.  
 
The current study was only focussed on modelling the reaction time probabilities of drivers 
using a parametric duration model. Similar parametric accelerated failure time (AFT) survival 
models for braking behaviour should be developed in a future study to investigate how 
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drivers stopped after detecting a pedestrian entering a zebra crossing. Although the simulator 
experiment of this study included numerous traffic events as described in section 2.3, this 
research resulted in a model for the reaction time probabilities of drivers to a traffic event 
where a pedestrian entered a zebra crossing from a sidewalk. The performance of distracted 
drivers in response to other traffic events and the effects of behavioural components like 
aggressiveness and sensation seeking on driving performances and distraction will be 
addressed in future studies.    
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Table 1: Descriptive statistics of the participants recruited for the driving simulator 
experiment  
 
Driver Characteristics Mean SD Count Percentage 
Driver’s Age (years) 21.47 2.00 - - 
Gender 
     Male - - 16 50.00 
     Female - - 16 50.00 
Licence type 
     Open - - 21 65.63 
     Provisional - - 11 34.38 
Years of driving 4.20 1.89 - - 
Kilometres driven in a typical year 
     0-10,000 km - - 14 43.75 
     10,000-20,000 km - - 15 46.88 
     > 20,000 km - - 3 9.38 
Traffic offences/infringement notices during last year 
     Received - - 12 37.50 
     Not received - - 20 62.50 
Crash involvement history in last three years 
     Involved - - 11 34.38 
     Not involved - - 21 65.63 
General Mobile Phone Usage History 
Calls 65.34 43.41 - - 
Text message 260.66 198.66 - - 
Frequency of mobile phone use while driving 
     Frequent (at least once in a day) - - 11 34.38 
     Moderate frequent (once or twice in a week) - - 15 46.88 
     Less frequent (once or twice in a month or year) - - 6 18.75 
Usage of handheld (HH) phone while talking and driving 
     0-25% of time of talking and driving - - 17 53.13 
     26-50% of time of talking and driving - - 6 18.75 
     51-75% of time of talking and driving - - 4 12.50 
     76-100% of time of talking and driving - - 5 15.63 
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Table 2: Summary statistics of explanatory variables included in the model for drivers’ 
reaction times 
 
Variable Description of variables Mean SD 
Phone condition 
     Baseline If a participant drove without any phone conversation=1, otherwise=0 0.333 0.474 
     Hands-free If a participant drove with hands-free phone conversation=1, otherwise=0 0.333 0.474 
     Handheld If a participant drove with handheld phone conversation=1, otherwise=0 0.333 0.474 
Demographics 
Driver’s Age 
     Age in years Continuous variable 21.47 1.979 
Gender 
     Male If a driver was male=1, otherwise=0 0.500 0.503 
     Female If a driver was female=1, otherwise=0 0.500 0.503 
Licence type 
     Open If a driver held an open licence=1, otherwise=0 0.656 0.477 
     Provisional If a driver held a provisional licence=1, otherwise=0 0.344 0.477 
Driving History 
Years of driving Continuous: years 4.203 1.867 
Kilometres driven 
     0-10,000 km If a driver drove 0-10,000 km on an average year=1, otherwise=0 0.438 0.499 
     10,000-20,000 km If a driver drove 10,000-20,000 km on an average year=1, otherwise=0 0.469 0.502 
     > 20,000 km If a driver drove more than 20,000 km on an average year=1, otherwise=0 0.094 0.293 
Driving with passenger 
     0-50% of trips If a driver usually takes a passenger in 0-50% trips=1, otherwise=0 0.750 0.435 
     > 50% of trips If a driver usually takes passenger in more than 50% trips=1, otherwise=0 0.250 0.435 
Traffic offences 
     Received If a driver received an infringement notice (e.g. speeding, drink driving, mobile phone using) last year=1, otherwise=0 0.375 0.487 
     Not received If a driver did not receive any infringement notice last year=1, otherwise=0 0.625 0.487 
Crash involvement history 
     Involved If a driver was involved in a crash during last three years=1, otherwise=0 0.344 0.477 
     Not involved If a driver did not involve in any crash during last three years=1, otherwise=0 0.656 0.477 
General Mobile Phone Usage History 
Calls Continuous: Average number of calls made or received in a typical week 65.344 42.951 
Text message Continuous: Average number of text messages sent or received in a typical week 260.656 196.558 
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Variable Description of variables Mean SD 
History of Mobile Phone Use while Driving 
Frequency of mobile phone use while driving 
     Frequent If a driver usually uses mobile phone while driving at least once in a day=1, otherwise=0 0.344 0.477 
     Moderate frequent If a driver usually uses mobile phone while driving once or twice in a week=1, otherwise=0 0.469 0.502 
     Less frequent If a driver usually uses mobile phone while driving once or twice in a moth or year=1, otherwise=0 0.188 0.392 
Usage of handheld (HH) phone while talking and driving 
     HH1 (0-25%) If a driver usually uses hand-held phone 0-25% of his time of talking and driving=1, otherwise=0 0.531 0.502 
     HH2 (26-50%) If a driver usually uses hand-held phone 26-50% of his time of talking and driving=1, otherwise=0 0.188 0.392 
     HH3 (51-75%) If a driver usually uses hand-held phone 51-75% of his time of talking and driving=1, otherwise=0 0.125 0.332 
     HH4 (76-100%) If a driver usually uses hand-held phone 76-100% of his time of talking and driving=1, otherwise=0 0.156 0.365 
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Table 3: Model comparison statistics 
 
Candidate Model Log-likelihood at zero 
Log-likelihood 
at convergence 
No. of 
parameters 
Likelihood 
ratio statistic AIC 
Weibull AFT model with 
clustered heterogeneity -81.17 -70.11 7 21.11 154.22 
Weibull AFT model with 
gamma frailty -74.58 -59.80 8 29.55 135.60 
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Table 4: Weibull with gamma heterogeneity AFT model estimates of the reaction times 
of drivers to a pedestrian at zebra crossing 
 
Variable Estimate SE z-statistic p-value exp(β) 95% CI 
Lower Upper 
Phone condition   
     Hands-free 0.348 0.100 3.50 < 0.001 1.42 0.153 0.543 
     Handheld 0.341 0.101 3.39 0.001 1.41 0.144 0.538 
Driver’s Age   
     Age in years 0.114 0.046 2.51 0.012 1.12 0.025 0.204 
Licence type   
     Provisional 0.730 0.199 3.66 < 0.001 2.07 0.339 1.120 
Usage of handheld (HH) phone 
 while talking and driving     
     HH4 (76-100%) -0.563 0.203 -2.78 0.006 0.57 -0.960 -0.165 
Constant -2.060 1.025 -2.01 0.044 -4.069 -0.052 
P 3.043 0.430 2.308 4.013 
Variance of gamma 
frailty, θ1 0.806 0.353    0.342 1.903 
Log-likelihood at 
convergence -59.80     
  
Log-likelihood at zero -74.58   
AIC 135.60   
Likelihood Ratio Statistic 29.55   
No of observations 85   
No of groups 32   
1Likelihood ratio test of θ: χ2 = 20.62, p-value < 0.001 
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Figure 1: Pedestrian at the zebra crossing scenario in the driving simulator 
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Figure 2: Probability of failing to detect a pedestrian across phone conditions 
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Figure 3: Relationship of phone condition and licence type in responding to a pedestrian 
at zebra crossing 
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Figure 4: Effects of mobile phone distraction across discrete age groups 
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Figure 5: Probability of failing to detect a pedestrian across phone conditions and self-
reported usage of handheld phone while driving 
 
